D
uring the past 150 years, over 300 papers concerning the moths and butterflies of Croatia have been published (e.g. 1, 2, 3, 4, 5, 6, 7, 8) . The majority of these papers contain information about one or a few families of butterflies and moths and in most cases deal with only a limited part of Croatia, such as Zagreb (8), Podravina (9) or Gorski Kotar (10). The only series of papers containing more comprehensive data about the butterflies and moths of Croatia were published by Stauder (4, 5, 6, 7), but even in this case, only the Adriatic coastline and islands were considered.
In the last decade the situation greatly improved for butterflies, as a large number of papers dealing with the local fauna have been published (e.g. 11, 12, 13) . This also included the first checklist of butterflies of Croatia (14) . However, data about the moth fauna still remain very limited, and only a few papers have been published containing recent and more comprehensive data (e.g. 15, 16, 17) .
The main reasons for such limited knowledge has remained the same over time -a lack of continuity, financial support, and local experts for most moth groups. Many moth species are small, and not particularly brightly-coloured; distinguishing features are more difficult in comparison with butterflies, and the extraction of genitalia for correct identification is needed in many cases. In addition, many moth families still lack comprehensive field guides and identification keys, especially those likely to be present on the Balkan peninsula, making correct identification of species very difficult. Because of this, many of the most interest-ing ecological areas in Croatia have remained mostly or completely unsurveyed and their fauna unknown. Such localities include a range of important habitats, including marshes and moors, high mountains and riparian forests. Papers concerned with faunistics may be less popular than those dealing with complex taxonomic issues, but they nevertheless have an immense significance as they form the baseline of data upon which conservation is founded. In a country like Croatia, where very little is known about the fauna, such surveys are crucial.
Here we present the first systematic data about moths for a previously unsurveyed area, the Motovun forest.
MAterIAl And Methods
This study took place at 13 localities at the central part of the Motovun forest and one locality in the village Motovun (Fig. 1 , Tab. 1) between 2011 and 2014. Each locality was visited from one to 13 times, during most of the vegetation seasons. On average, four hours were spent on each locality on each date, depending on the time of year and the climate conditions. One to three UV light tents were used per locality to attract moths. Most of the attracted moths were identified in the field and released. Only in cases where the identification was questionable were the moths collected and identified in the lab using standard identification keys (e.g. 18, 19, 20, 21, 22, 23, 24) . Some members of the families Erebiidae, Geometridae and Noctuidae, all the encountered microlepidoptera were collected and stored in the private collection of the first author. The identification of all microlepidoptera and most of the collected macrolepidoptera was additionally checked by Stanislav Gomboc from Slovenia, on the basis of his extensive knowledge and the comparison with his validated moth collection containing most species of the northern Balkans. The nomenclature follows the online database Fauna Europae (25). For each species, larval host plants and habitat preference was given using standard literature (18, 19, 20, 21, 22, 23, 24) .
study area
The Motovun forest is situated in the central part of the peninsula of Istria, in the alluvial valley of the Mirna River and its tributaries, southwest of Buzet and north of Motovun. In terms of vegetational and ecological contrasts Motovun differs greatly from other forest areas of the Istrian peninsula. The Mirna valley allows the influence of the sea to reach deep into the mainland part of the peninsula and the peculiarity of the landscape in the valley causes air stagnation and the occurrence of major climate extremes. The Mirna river basin is relatively poorly covered with forest vegetation, and is characterized by a multitude of torrential streams, which cause occasional flooding of the valley. The geological structure of the valley consists of limestone, marl and sandstones (26).
These relief, climate and hydrological conditions, particularly soil characteristics, have resulted in the creation of a unique Mirna valley lowland forest ecosystem. This forest community is dominated by common oak (Quercus robur L.) and ash (Fraxinus angustifolia Vahl). Other low- Table 1 . During the last century many anthropogenic changes have occurred in the area, including the building of a new road in the southern part of the forest and the excavation of a new riverbed. These actions had a tremendous negative impact on the water regime of the Motovun forest and its pristine condition (26). Prior to the excavation of the new river bed, the forest surface was 1274 ha. In 1967 the government decided that a part of the forest should be cleared for agriculture, excluding the protected 281 ha near Istarske Toplice, a special reserve of forest vegetation. Approximately 250 ha of the forest was cleared. Additionally, due to the construction of the accumulation lake Botonega, another 80 ha were cleared, which left only about 944 ha of forest (26).
results
During this research we gathered data for 403 moth species within the area of the Motovun forest. The Noctuidae are the best-represented group, with a total of 102 recorded species, followed by Geometridae with 96 species and Erebiidae with 49 recorded taxa. Of the larger microlepidoptera families, we recorded 33 species of Crambidae, 21 of Tortricidae and 13 of Pyralidae. A full species list for each family found in this study is given in Appendix I. Most of the recorded moth species were mesophilous (N = 202), followed by xerothermophilous (N = 76) and mesophilous-hygrophilous (N = 62). A total of 19 species showed clear hygrophilous affiliation, while 65 species being at least partially hygrophilous.
dIscussIon
The Motovun forest is one of the most interesting areas in Istria, in terms of vegetation and ecological conditions but it remains almost completely a mystery in terms of insect diversity. It is surprising that almost no published data exists for the region. Besides our data, less than ten published records exist for the wider area of the Mirna valley (4, 5, 6, 7) but not for the forest itself. This makes comparison with historical data impossible, but at the other hand makes our data crucial for any further study of the moth fauna of the area.
With almost no existing checklists, atlases, regional overviews and with rare exceptions (9, 15, 16, 17) , few moth surveys carried out in the last 40 years, it is difficult to put our data into a meaningful context. In the wider area of the Kupa River, about 400 species were recorded during a long term survey (27, 28, 29, 30, 31) . On the other hand, a 30-year long study on Krk Island resulted in more than 1000 recorded species, although this also included all the microlepidoptera families (15). Both examples included a large variety of habitats and a much larger area than in this present study. The only recent survey of a wetland area is that of Kopački Rit, where 201 species were recorded during a year-long moth survey (16). That number probably represents only a fraction of the species inhabiting the area, and the authors themselves concluded that additional surveys are needed (16).
Compared with the mentioned results from the other regions of Croatia, the area of Motovun forest is now one of the best surveyed areas in Croatia. The number of moth species living in Croatia is unknown, but is hypothesised to be about 3000 (32). For the area of former Yugoslavia, a total of 3454 species have been recorded (33), however, this includes the territory of whole ex-Yugoslavia, and the real number of species recorded from Croatia is certainly lower. On the other hand, as this list is not up to date, and many species need to be added to the list, due to new species records as well as the description of new species, the number of species will be somewhat higher. This only implies the need for the detailed revision and the creation of the recent checklists of moths of Croatia.
During this preliminary survey more attention was given to larger moths, while Microlepidoptera were collected only occasionally, and thus are far less represented in this work and will be dealt with in future surveys. The same goes for some difficult genera of larger moths (e.g. the geometrid genus Eupithecia Curtis 1825).
These results are the first systematic survey of the Motovun forest, and they can be used to make decisions about the conservation and management of natural resources, especially for insect biodiversity, in the future. During our survey we recorded 19 strictly wetland species, of which the records of Chilo phragmitella (Hubner 1805), Acronicta strigosa (Denis & Schiffermüller, 1775), Phragmataecia castaneae (Hübner, 1790) and Colobochyla salicalis (Denis & Schiffermüller, 1775) are of most of the interest, as the species are very local in Croatia. Aside from the river Mirna, many small streams are present in the forest, in which many of the more common hostplants for wetland species can be observed. Due to that, it is more than probable that the species do develop in the area, but further combined entomological-floristic surveys of the area would for sure greatly contribute to the knowledge about the hostplants of wetland species in the area. As it is now, the ecological affiliation, as well as the hostplant list (Appendix I) was based only on the knowledge from other parts of Europe (e.g. 18, 19, 20, 21, 22, 23, 24) so it is possible that they are not fully correct and do not apply fully to the populations of the species living in Croatia. In any case, the presence of these species in the area indicate that the Mirna river valley still represents suitable habitat, and probably represents a refuge for wetland species in Istria. Aside from the Mirna river valley, only several other wetland habitats remain on the peninsula: two medium-sized rivers, Dragonja in the north and Raša in the east as well as the only swamp, Palud near Rovinj. None of these areas had been surveyed in the past, so no comparison with the Mirna river vally is possible. Hovever, it would be of great interest to survey the moth fauna of all the mentioned areas in the near future. Wetland moth communities are especially endangered, since such habitats were decimated during the last century, and are very rare nowadays. This is especially true in the karstic areas of Croatia, including Istria, the Adriatic islands and Dalmatia.
The Motovun river valley is also of a great importance for other animal groups. This is the area with the most records of the globally endangered False Ringlet Coenonympha oedippus (Fabricius, 1787), and the most southern distribution border for this species (34). How poorly this area was surveyed in the past is demonstrated by the fact that this species was recorded in Croatia less than two decades ago (34). Aside from invertebrates, the area is also interesting because of the vertebrate fauna. In the area, the strongest and largest population of the the Italian agile frog, Rana latastei Boulenger, 1879 in Croatia has been recorded (35). Our results show that the Motovun forest represents an area of high biodiversity. Most of the forest area is criss-crossed by roads, forest paths and macadam roads, but except from the main road leading from Buzet to Ponte Porton, most of other roads are with very little traffic. For the conservation of the moth fauna of the area, the most important action is to conserve the current forest limits and to avoid any alteration to the finely-balanced hydrological regime.
During this study, the sampling period was sometimes very brief (e.g. two hours) during the single nights, due to unfavourable weather conditions like low temperatures or high humidity in the air. In such conditions moth activity is very limited, and most of the species do not fly at all, so the moth observation was ceased earlier. To compensate this, we visited the same locality longer during the next visits. In order to gain additional knowledge about the species diversity of the Motovun forest, additional long term surveys are needed. An increase in the amount of UV light traps would be especially beneficial for such studies, since many more species are attracted if the number of light traps is greater. Additionally, more different habitats and locations should be surveyed to gain a more complete insight into the moth diversity of the region.
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